The LHID2005, which was open to the researchers in Taiwan, was available from the National Health Insurance Institute (<http://nhird.nhri.org.tw/en/Data_Protection.html>). Only citizens of Taiwan who fulfill the requirements of conducting research projects are eligible to apply for the LHID2005. The use of LHID2005 is limited to research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law.

Introduction {#sec001}
============

Prostate cancer (PC) is the leading cancer among men in Western countries, with about 180,000 new prostate cancer cases diagnosed in 2016 \[[@pone.0173266.ref001]\]. The mortality burden associated with PC is surpassed only by that of lung cancer \[[@pone.0173266.ref002]\]. PC remains a major health concern for older men. Hormone therapy, in the form of androgen deprivation therapy (ADT), is the standard care for newly diagnosed PC, and is increasingly accepted as an effective treatment modality for the management of prostate cancer \[[@pone.0173266.ref003]\]. However, ADT is known to be associated with physical and psychological side effects, such as osteopenia, sarcopenia, gynecomastia, emotional disturbances, hot flashes, fatigue, and cognitive difficulties \[[@pone.0173266.ref004]--[@pone.0173266.ref009]\].

ADT results in testosterone suppression, which is the mechanism hypothesized to underlie the depressive symptoms documented in some patients following ADT \[[@pone.0173266.ref010],[@pone.0173266.ref011]\]. However, most studies have focused on the association between ADT and depression or depressive symptoms, rather than on a psychiatric diagnosis of depressive disorder (DD). Furthermore, studies investigating ADT and the risk of depression have shown mixed results \[[@pone.0173266.ref010]--[@pone.0173266.ref015]\]. Several studies by Lee, Shahinian, and Dinh reported that the rate of clinically significant depressive symptomatology was higher among PC patients treated with ADT than among those not treated with ADT \[[@pone.0173266.ref011],[@pone.0173266.ref013],[@pone.0173266.ref014]\]. In contrast, Hervoue, Timilshina, and Pirl reported that patients treated with ADT did not show any worsening of depressive symptoms \[[@pone.0173266.ref010],[@pone.0173266.ref012],[@pone.0173266.ref015]\].

To summarize the literature gaps, prior studies examined the relationship between ADT and depressive symptoms or depression, rather than a psychiatric diagnosis of DD \[[@pone.0173266.ref011],[@pone.0173266.ref014]\], and the findings are equivocal regarding the association between ADT and DD. To the best of our knowledge, there is no longitudinal follow-up study of ADT and the subsequent risk of developing DD. This study used population-based data from Taiwan to investigate the risk of subsequently developing DD among ADT-treated prostate cancer patients during a 3-year follow-up period.

Methods {#sec002}
=======

Database {#sec003}
--------

The patient sample for this population-based, retrospective cohort study was retrieved from the Taiwan Longitudinal Health Insurance Database 2005 (LHID2005). The LHID2005 containts beneficiary registration files and medical claims data on one million individuals, randomly selected from all enrollees (*n* = 25.68 million) of Taiwan's National Health Insurance (NHI) program in 2005. The LHID2005 is a de-identified dataset of all medical claims filed since 1995 for the sample individuals (1995 was the first year of NHI implementation). This dataset is available to academic researchers in Taiwan to extract samples as needed. As illustrated by several publications \[[@pone.0173266.ref016]--[@pone.0173266.ref018]\], hundreds of studies using this dataset have been published in international peer-reviewed journals.

Because the study dataset consists of de-identified secondary data released to the researcher community for research purposes, the study was exempted from full IRB review by the Taipei Medical University Institutional Review Board (TMU-JIRB 201612023).

Study sample {#sec004}
------------

The study was designed to include a study group and a comparison group. To select the study group, we first identified 1932 patients who received a first-time diagnosis of PC (ICD-9-CM code 185, malignant neoplasm of the prostate) at ambulatory care centers or during hospitalization, between January1, 2001 and December 31, 2010. We limited the study sample to patients aged ≥ 40 years (*n* = 1897). Patients who received ADT (gonadotropin-releasing hormone (GnRH) agonists, antiandrogens, and/or estrogens), were assigned their first ambulatory care visit with an associated ADT claim as their index date. For patients who did not receive ADT, their first claim date at which they showed a PC diagnosis became their index date. We excluded 149 patients who had an orchiectomy (ICD-9-CM procedure codes 623 or 624) during the three years following the index date. Although orchiectomy is considered equivalent to GnRH administration in its effect on testosterone levels, we excluded these patients, consistent with the study design of Dinh et al \[[@pone.0173266.ref014]\]. Their exclusion avoids potential confounding by depression that may occur due to the psycho-traumatic effects of the physical and anatomic changes from castration. Finally, we excluded 34 patients with pre-existing DD, those who had a diagnosis of DD (ICD-9-CM codes 296.2, 296.3, 300.4, and 311) in any claim three years prior to the index date. The final study sample consisted of 1714 PC patients, 868 patients who received ADT, the study group, and 846 patients who did not receive ADT, the comparison group. These selection criteria are consistent with prior studies \[[@pone.0173266.ref016]\].

We tracked each sampled patient's claims over a 3-year period following their index date to identify those who subsequently received a diagnosis of a DD. The diagnosis of DD was defined as the presence of depressive disorder codes in inpatient claims data. The ICD-9-CM codes used to identify the end points in this study have not been formally validated but have been used in previous studies \[[@pone.0173266.ref018]--[@pone.0173266.ref020]\].

Statistical analysis {#sec005}
--------------------

We conducted statistical analyses using the SAS statistical software (SAS System for Windows, V.9.2, SAS Institute). We used chi-squared tests to explore differences between the study group and comparison group on sociodemographic characteristics (monthly income, residential urbanization level and geographic location) and medical comorbidities (hypertension, diabetes, hyperlipidemia, coronary heart disease (CHD), and stroke). We performed Cox proportional hazard regressions to calculate the adjusted hazard ratio (HR) for DD and the 95% confidence interval (CI) over 3-year follow-up. We verified that the proportional hazards assumption was satisfied, based on survival curves for both strata (study group and comparison group) showing hazard functions that were proportional over time. Patients who died during follow-up were censored. We used a two-sided *p* value of 0.05 for statistical significance.

Results {#sec006}
=======

[Table 1](#pone.0173266.t001){ref-type="table"} presents the sample distribution by demographic characteristics and medical comorbidities of patients classified by ADT status. PC patients who received ADT were on average, older than the comparison group (74.1 vs. 70.4 years, *p*\<0.001), and more likely to reside in the southern part of Taiwan (*p*\<0.001), and to have lower monthly income (\<NT\$15,841 (*p*\<0.001) compared to those who did not receive ADT. There was no significant difference in the prevalence of comorbidities, hypertension, diabetes, hyperlipidemia, or CHD.

10.1371/journal.pone.0173266.t001

###### Demographic characteristics of patients with prostate cancer classified by receipt of Androgen Deprivation Therapy (ADT) (*N* = 1714).

![](pone.0173266.t001){#pone.0173266.t001g}

  Variable                 Patients who received ADT (*n* = 868)   Patients who did not receive ADT (*n* = 846)   *p* value          
  ------------------------ --------------------------------------- ---------------------------------------------- ----------- ------ ---------
  Age (years), mean (SD)   74.1 (8.4)                              70.4 (10.8)                                    \<0.001            
  Urbanization level                                                                                                                 0.178
   1 (most urbanized)      269                                     31.0                                           276         32.6   
   2                       236                                     27.2                                           261         30.8   
   3                       133                                     15.3                                           111         13.1   
   4                       121                                     13.9                                           113         13.4   
   5 (least urbanized)     109                                     12.6                                           85          10.1   
  Geographic region                                                                                                                  \<0.001
   Northern                406                                     46.8                                           490         57.9   
   Central                 194                                     22.3                                           177         20.9   
   Southern                247                                     28.5                                           166         19.6   
   Eastern                 21                                      2.4                                            13          1.5    
  Monthly income                                                                                                                     \<0.001
   NT\$0\~15,840           554                                     63.8                                           495         58.5   
   NT\$15,841\~25,000      239                                     27.5                                           205         24.2   
   ≥NT\$25,001             75                                      8.6                                            146         17.3   
  Hypertension             618                                     71.2                                           568         67.1   0.069
  Diabetes                 249                                     28.7                                           237         28.0   0.757
  Hyperlipidemia           334                                     38.5                                           337         39.8   0.566
  Coronary heart disease   320                                     36.9                                           312         36.9   0.996
  Stroke                   285                                     32.8                                           239         28.3   0.040

*Note*: The average exchange rate in 2015 was US\$1.00≈New Taiwan (NT)\$32.

[Table 2](#pone.0173266.t002){ref-type="table"} shows the incidence of DD among sample patients at 10.3 per 1000 person-years (95% CI: 7.6\~13.7). The rates were13.9 (95% CI: 9.5\~19.6) and 6.7 per 1000 person-years (95% CI: 3.7\~11.0), respectively, among the study and comparison groups. A total of 47 patients (2.74%) of the total sample patients received a DD diagnosis after the index date, 32 patients (3.69%) among the study group and 15 patients (1.77%) among the comparison group. The log-rank test revealed that study patients were significantly more likely to receive a DD diagnosis than the comparison group (*p* = 0.012). The unadjusted HR for DD among the study group was 2.12 (95% CI: 1.14\~3.95) relative to the comparison group. We also compared the total sample patients who received a DD diagnosis during follow-up with the number of PC patients who had a DD diagnosis prior to their PC diagnosis (these patients were excluded from the study due to pre-existing DD, 34 patients). The finding is that the number of patients with a post-PC diagnosis of DD (47 patients) exceeds the number with preexisting DD.

10.1371/journal.pone.0173266.t002

###### Crude Hazard Ratios (HRs) for depressive disorder among patients with prostate cancer during a 3-year follow-up period, stratified by receipt of Androgen Deprivation Therapy (ADT).
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  Presence of depressive disorder                  Total sample (*n* = 1714)   Patients who received ADT (*n* = 868)                    Patients who did not receive ADT (*n* = 846)
  ------------------------------------------------ --------------------------- -------------------------------------------------------- ----------------------------------------------
  Three-year follow-up period                                                                                                           
   Incidence rate per 1000 person-years (95% CI)   10.3 (7.6\~13.7)            13.9 (9.5\~19.6)                                         6.7 (3.7\~11.0)
   Crude HR (95% CI)                               \--                         2.12[\*](#t002fn002){ref-type="table-fn"} (1.14\~3.95)   1.00

*Notes*:

\* *p*≤0.05;

CI, confidence interval.

[Table 3](#pone.0173266.t003){ref-type="table"} presents the adjusted HR for study group patients over 3-year follow-up relative to the comparison group. The HR for DD was 1.93 (95% CI: 1.03\~3.62) after adjusting for geographic location, monthly income, urbanization level, and comorbidities. It is noteworthy that stroke was significantly associated with DD risk (adjusted HR = 2.09; 95% CI: 1.14\~3.86). Geographical location, monthly income, urbanization level, hypertension, diabetes, hyperlipidemia, and CHD were not associated with DD.

10.1371/journal.pone.0173266.t003

###### Adjusted hazard ratio for the occurrence of depressive disorder during 3-year follow-up among patients with prostate cancer (*n* = 1714).
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  Variable                 Depressive disorder occurrence                
  ------------------------ -------------------------------- ------------ -------
  ADT recipients           1.93                             1.03\~3.62   0.041
  Geographic region                                                      
   Northern                1.00                                          
   Central                 1.31                             0.60\~2.88   0.501
   Southern                0.96                             0.43\~2.17   0.924
   Eastern                 2.73                             10.95        0.157
  Monthly income                                                         
   NT\$0\~15,840           1.00                                          
   NT\$15,841\~25,000      0.85                             0.41\~1.77   0.665
   ≥NT\$25,001             0.44                             0.10\~1.90   0.274
  Urbanization level                                                     
   1 (most urbanized)      1.00                                          
   2                       0.59                             0.23\~1.54   0.282
   3                       1.14                             0.42\~3.12   0.796
   4                       2.16                             0.83\~5.65   0.114
   5 (least urbanized)     1.71                             0.58\~5.03   0.327
  Hypertension             2.05                             0.92\~4.57   0.081
  Diabetes                 1.13                             0.58\~2.20   0.717
  Hyperlipidemia           0.89                             0.47\~1.70   0.721
  Coronary heart disease   1.18                             0.64\~2.18   0.605
  Stroke                   2.09                             1.14\~3.86   0.018

*Notes*: All hazard ratios are reported from a single Cox regression model adjusted for all other variables.

The average exchange rate in 2015 was US\$1.00≈New Taiwan (NT)\$32.

CI, confidence interval.

Discussion {#sec007}
==========

This is the first population-based study to explore the longitudinal association between ADT and subsequent development of DD over 3-year follow-up in an Asian country. We find that patients treated with ADT have double the DD incidence found among those not treated with ADT (13.9 vs. 6.7 per 1000 person-years). The unadjusted HR was 2.12, and after adjusting for demographic and co-morbidity characteristics, the HR was 1.93.To date, the association between ADT and depression has been equivocal. Two studies by Hervouet and Timilshina using a small study sample failed to show an association between ADT and the development of depressive symptoms \[[@pone.0173266.ref010],[@pone.0173266.ref015]\]. By comparison, other studies are consistent with our research findings. Shahinian and Dinh, using linked SEER-Medicare data, found that the relative risk for a depression diagnosis among those with ADT was 1.08, and the HR was 1.23, relative to those without ADT \[[@pone.0173266.ref013],[@pone.0173266.ref014]\]. Dinh et al. reported that patients who received ADT had higher 3-year cumulative incidence rates of depression (7.1% vs. 5.2%), outpatient psychiatric treatment (3.4% vs. 2.5%), and inpatient psychiatric treatment (2.8% vs. 1.9%), than those who did not receive ADT \[[@pone.0173266.ref014]\]. The magnitude of difference between the two groups is consistent with our study (3.69% cumulative incidence of DD over 3 years among ADT recipients vs. 1.77% among the comparison group). A literature review by Donovan et al. documented that ADT is associated with adverse psychological effects, including difficulties in multiple indicators in the sexual domains, emotional lability, depression, and cognitive impairment \[[@pone.0173266.ref021]\]. One study using a structured questionnaire from Melbourne reported that patients on long-term ADT had poor quality of life and psychosocial well-being \[[@pone.0173266.ref022]\]. These studies support an association between ADT and DD.

ADT results in testosterone suppression, the hypothesized mechanism linking ADT to depressive symptoms \[[@pone.0173266.ref010],[@pone.0173266.ref011]\]. Several studies have shown an association between the progressive decline in testosterone levels and increasing risk of depressive symptoms \[[@pone.0173266.ref010],[@pone.0173266.ref011],[@pone.0173266.ref014],[@pone.0173266.ref023]--[@pone.0173266.ref025]\]. Seidman and colleagues hypothesized that lower testosterone levels may be etiologically important in the development of depressive syndromes in elderly men, and found that a majority of elderly men with dysthymic disorder had total testosterone levels in the hypogonadal range (i.e., ≤300 ng/dl) \[[@pone.0173266.ref026]\]. The evidence supports that declines in testosterone levels may play a role in the development of DD. The drastic testosterone depletion induced by ADT, plausibly, could lead to DD in PC patients.

Another mediating mechanism may be the physiological changes resulting from ADT \[[@pone.0173266.ref004],[@pone.0173266.ref006],[@pone.0173266.ref011]\]. Gray and colleagues noted that most men with PC avoided disclosing their illness and tended to conceal their emotional difficulties or deny the support they needed \[[@pone.0173266.ref027]\]. In addition, some studies suggested that psychological distress resulting from initiation of ADT might increase the depressive symptomatology of patients receiving ADT \[[@pone.0173266.ref004],[@pone.0173266.ref006]\]. Consequently, physiological changes, interacting with the affective response to the PC diagnosis and ADT effects, may induce the development of DD.

Other mechanisms are also postulated including ADT-induced changes in the immune system. Aragon-Ching and colleagues suggest that ADT impacts the immune system \[[@pone.0173266.ref028]\]. A connection between depression and immune parameters, such as, pro-inflammatory cytokines (e.g., interleukin (IL)-1 and IL-6) has been explored \[[@pone.0173266.ref029]\]. ADT-induced changes in immunity may influence the development of DD in patients with PC. More research is needed to explore our finding and the mechanisms underlying this association.

Although our primary focus was to explore the association of ADT with DD, the risk of cardiovascular events is also important among ADT recipients. One cross-sectional study in Italy concluded that inappropriate ADT was associated with increased risks of cardiovascular disease and osteoporosis \[[@pone.0173266.ref030]\]. A meta-analysis reported that patients with intermittent ADT had a lower risk of cardiovascular-related mortality \[[@pone.0173266.ref031]\]. Further study is needed to evaluate the relationship between ADT and cardiovascular events, and a potential interaction with the risk of DD.

Lack of data on cancer stage is an important study limitation. It is possible that cancer stage is a confounding factor in our findings. The likelihood of finding a DD may be higher among early-stage cancer patients, simply because they are less likely to die before the end of follow-up. Mitigating this bias is the fact that GnRH group is likely to have more advanced cancer cases, and therefore, a stronger, disease-driven reason for starting hormone therapy. The mean age of the ADT group was significantly higher. Patients with more advanced cancers may be more prone to depression, and they also are more likely to be started on GnRH treatment, which would imply an upward bias in depression HR estimates among this group relative to the non-ADT group. But, older age at PC diagnosis would also be associated with more deaths during the observation period. Censoring patients at death and controlling for age in the hazard function modelling, corrects for such bias to some extent. Nevertheless, confounding by differences in cancer stage between the study and control groups cannot be ruled out.

Other limitations should also be noted. First, clinician bias in diagnosing DD among ADT patients cannot be ruled out, driven a heightened awareness of DD predisposing factors, the patient's age, comorbidities, advanced cancer, and complaints of the physical effects of ADT. Adjusting for age, geographical location, monthly income, urbanization level, hypertension, diabetes, hyperlipidemia, CHD, and stroke in the regression model may have attenuated this source of bias. We find a consistent, increased risk of subsequent DD during 3-year follow-up among PC patients receiving ADT. Another potential study limitation is surveillance bias, due to PC patients on ADT being clinically monitored more frequently than those on ADT, causing physicians to be more likely to detect DD symptoms among these patients. Finally, another limitation is the lack of data on PC patients\' medication adherence.

The strength of our study lies in its longitudinal design and large population-based sample, which mitigates selection bias that is inherent in studies utilizing data from voluntary registries or hospital-based patients. Furthermore, given that over 98% of Taiwan's residents are of Chinese Han ethnicity, use of this homogenous population eliminates confounding by race.

Despite the limitations, our study offers strong epidemiological evidence of a link between ADT and a subsequent DD diagnosis. The study suggests that PC patients receiving ADT may benefit from screening for the modifiable risk factors for depressive disorder, and also periodic assessments for depressive symptoms. Patients should also be informed about this possible adverse effect when discussing treatment options among PC patients.
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